Background: Variations in femoral and acetabular version are becoming increasingly recognized as contributing factors to the development of hip pain in patients with femoroacetabular impingement (FAI) and hip dysplasia. It is still unknown what the true prevalence of these rotational abnormalities is in this patient population.
of the hip. 69 Elevated femoral version has been associated with hip dysplasia 44 and FAI. 52 Low femoral version is a well-known aftereffect of slipped capital femoral epiphysis, 19, 53 but it has also been associated with problems in otherwise nonpathologic hip joints. 24, 70 As our understanding of FAI has increased, so too has our appreciation of the clinical significance of abnormalities of femoral version in hip preservation surgery. 1, 6, 10, 13, 14 Excessive femoral retroversion has been considered by some to be a relative contraindication to corrective FAI surgery, 41, 69 as it has been found to be a risk factor for poor outcomes after hip arthroscopy for FAI. 15 Similarly, increased femoral version is a risk factor for inferior clinical outcomes after hip arthroscopy, 14 as it has been recognized as a cause for posterior ischiofemoral extra-articular hip impingement and a contributing factor to anterior hip instability. 52 Although the values of femoral version in relation to acetabular version are relatively well described for the normal population, 7, 8, 21, 29, 55, 71 the true incidence of abnormalities of femoral version in young patients presenting with hip pain is unknown. Furthermore, it is unclear if specific hip pathomorphologies are associated with characteristic abnormalities of femoral version. Thus, the purpose of this study is to determine (1) the prevalence of abnormalities of femoral version in symptomatic hips with FAI and hip dysplasia, (2) the prevalence of combined abnormalities of femoral and acetabular version in these patients, and (3) which specific hip subtypes of FAI and hip dysplasia are associated with abnormalities of femoral version.
METHODS
This is an Institutional Review Board-approved retrospective review seeking to compare abnormalities of femoral version among distinguished pathomorphologies of the hip. We evaluated all symptomatic patients who had been referred to our tertiary referral center for hip preservation surgery between January 2011 and December 2015. All patients had pain at the time of image acquisition. Inclusion criteria included the presence of hip pain, radiographic signs of skeletal maturity, standard plain radiographs, and the availability of either computed tomography (CT) 62 or magnetic resonance imaging (MRI) of the pelvis/hip, including the distal femur condyles, 58, 59 to allow for measurement of femoral version according to the method described by Murphy et al. 39 From a total of 824 patients (912 hips), 362 patients (374 hips) were excluded for the following reasons: incomplete radiographic documentation (190 . This left a total 538 hips in 462 patients for inclusion in this study ( Figure 1 ). As part of the routine workup, all patients were clinically evaluated by 1 of our attending hip surgeons with extensive experience in hip preservation surgery. This included a thorough acquisition of the patient's history, a goniometric measurement of the hip range of motion, the evaluation of the anterior and posterior impingement tests, 65 and the assessment of hip instability 33 (based on the apprehension/FABER tests [ie, flexion, abduction, and external rotation]), abductor strength, 35 and general joint laxity. 40 The posterior impingement test was used as a potential indicator for anterior hip instability.
Routine radiographic evaluation generally consisted of an anteroposterior pelvic radiograph taken with a standardized technique 65 and a cross-table lateral radiograph of the hip. Additional projections or functional views were acquired if needed for diagnosis or surgical planning. The anteroposterior pelvic radiograph was then assessed with previously described and validated computer software Figure 1 . Inclusion and exclusion criteria for the study groups. The study group was then further divided into 11 subgroups based on the definitions given in Table 1 . *The sum of all hips in the 11 subgroups exceeds the total of 538 hips, since 1 hip could be allocated to several subgroups. acetab, acetabulum; overcov, overcoverage.
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Norm; University of Bern). 60, 64, 76 This software allows accurate and reliable measurement of 8 radiographic parameters of the hip, including the assessment of femoral coverage. The alpha angle was a measure of femoral asphericity on the axial cross-table radiograph. All radiographic measurements were performed by 2 independent observers (T.D.L., I.A.S.T.).
On the basis of the analysis of the conventional radiographs, we subdivided our patient cohort into 11 subgroups ( Figure 2 ): (1) hip dysplasia, (2) pincer-type FAI attributed to overcoverage (lateral center edge [LCE] angle, 35°-39°), (3) pincer-type FAI attributed to severe overcoverage (LCE angle .39°), (4) pincer FAI attributed to acetabular retroversion, (5) elevated acetabular anteversion, (6) cam-type FAI, (7) mixed-type FAI, (8) varus, (9) valgus, (10) post-Perthes (ie, Legg-Calvé-Perthes disease), and (11) no obvious hip pathomorphology. The allocation to each group was based on previously published reference values for acetabular and femoral morphology (Table 1) . 45, 61, 69 One hip could be allocated to multiple study groups (eg, ''dysplasia'' and ''valgus'' groups).
For a radiologic control group, we used the whole body CT scans of asymptomatic patients with cancer diagnosis (mostly patients with multiple myeloma). The control hips were selected in the PACS (picture archiving and communication system) of our hospital from 44 patients (88 hips) undergoing bilateral CT for diagnostic staging between 2011 and 2015. All patients with a whole body CT scan in this period were included. To control for patient motion, the feet were temporarily fixed with a tape. Of these, 40 hips were excluded from the control group for the following reasons: total hip or knee arthroplasty ( 45 .55°(4 patients [8 hips] ). This left 48 hips (27 patients) to serve as the control group. We did not have to exclude patients for motion artifacts, which could have been detected visually through 3-dimensional reconstruction of the femur. The demographic and radiographic differences and the surgical treatment of the study and control groups are summarized in Tables 2 and 3. To calculate femoral version, all symptomatic patients underwent standardized protocol-specific MRI and/or CT of the hip. The use of these imaging modalities for this purpose has been validated by previous studies. Comparing the measurement of femoral version on MRI and CT showed comparable results and good correlation. 5, 67 Direct or indirect magnetic resonance arthrography 32 was obtained according to a standardized technique. In brief, the scans were performed with a Siemens TRIO 3.0-T high-field scanner with a flexible surface coil after fluoroscopic-guided intra-articular injection of 10 to 15 mL of gadoterate meglumine (0.0025 mmol/mL, Artirem; Guerbet) or intravenously applied saline-diluted gadopentate dimeglumine (0.2 mmol/mL/kg, Magnevist; Bayer). The patients were positioned supine, and the feet were fixed in neutral position to prevent motion during The sum of all hips in the 11 subgroups exceeds the total of 538 hips, since 1 hip could be allocated to several subgroups. The hips in the mixed FAI, varus, and valgus groups can overlap with the 7 other pathomorphologic subgroups.
scanning. Foot rotation was controlled with tape in MRI and CT scans of the study group. A radial proton density sequence was acquired for evaluation of chondrolabral lesions. Sagittal and coronal proton density-weighted, axial T1-weighted, and FLASH (fast low-angle shot) sequences were acquired, of which the axial slices were used for measurements of acetabular version. A second axial T1-weighted sequence of the femoral condyles was used for measurements of femoral version. These sequences were taken immediately after the original axial T1-weighted sequences, and the patient was instructed to not move the leg to ensure accurate measurement. If needed, CT was acquired according to a previously validated protocol, 54, 62 which was used for 3-dimensional virtual simulation of hip motion and impingement analysis. 62 A slice thickness of 2 mm and an interval of reconstruction of 1.7 mm were chosen.
Three study variables were then assessed: femoral version, central acetabular version, and cranial acetabular version. Femoral version was measured according to Murphy et al 39 with 3 reference points on transverse slices at different femoral locations: the femoral head center, the center of the base of the femoral neck, and the condylar axis ( Figure 3 ). The method described by Murphy et al 39 is performed by superimposing the center of the femoral head on the CT section through the base of the femoral neck, and it showed better reproducibility (variance of 0.4°and a standard deviation of 0.6°) when compared Figure 2 . Illustration of the study groups (see Table 1 for definitions). The ''no obvious pathomorphology'' study group is not shown, since no pathomorphology was present by definition. Anteversion, acetabular anteversion; CCD, caput-collum-diaphyseal; FAI, femoroacetabular impingement; LCE, lateral center edge angle; Perthes, Legg-Calvé -Perthes disease; Retroversion, acetabular retroversion.
with 1 transverse CT section through the femoral neck. 74 We chose this method because of the good reproducibility and the similarity to the method of a summation image described by Tönnis and Heinecke. 69 Compared with a semiautomatic neck-fitting method, 4 the method described by Murphy et al 39 is the most accurate measurement and overestimates femoral version by only 3.5°. This overestimation is relatively small versus other CT-based methods. 57 Compared with the anatomic femoral version, the method described by Murphy et al 39 overestimated femoral version by an average of 6.3°in a study comparing different measurement methods. 57 Comparing our measurements of femoral version with the published values for normal femoral version based on anatomic measurements, this overestimation of 3.5°and 6.3°has to be taken into consideration.
Normal femoral version was considered to be 10°to 25°, according to Tönnis and Heinecke. 69 Severely decreased femoral version was defined as femoral version \0°in accordance with previous reports. 19, 31 Moderately decreased femoral version was defined as femoral version between 0°a nd 10°. Moderately increased femoral version (25°-35°), severely increased femoral version (.35°), and the prevalence of each subgroup were calculated. Femoral malversion was defined as abnormal femoral version \10°or .25°. Severe femoral malversion was defined as femoral version \0°or .35°. The prevalence of severely decreased femoral version (\0°) and severely increased femoral version (47) 31 (34) 22 (58) 22 (48) 34 (44) 4 (36) 73 (44) 74 (54) 29 (44) 26 (45) 15 (50) 12 (52) 25 (52) .284 Sex d 257 (48) 24 ( (77) .225 SHD 145 (27) 5 (6) 12 (32) 22 (48) 23 (30) 2 (18) 37 (22) 55 (40) 18 (27) 17 (29) 8 (27) 6 (26) \.001 PAO 54 (10) 41 (46) 0 (0) 0 (0) 12 (16) 2 (18) 0 (0) 8 (6) 3 (5) 10 (17) 2 (7) (9) 39 (24) 13 (9) 7 (11) 3 (5) ( Central acetabular version was measured according to Tönnis and Heinecke 69 and defined as the angle between a sagittal line and a line connecting the anterior and posterior acetabular rim (Figure 4) . A normal central acetabular version was defined from 10°to 25°. 69 Combined variations of femoral and acetabular version were quantified with the McKibbin index, 15, 34 which is defined as their sum (also called the COTAV index). 10 Cranial acetabular version was measured similarly to the central acetabular version on an axial slice 5 mm distal to the acetabular roof, according to Jamali et al. 25 Two observers (T.D.L., F.S.) independently measured all study variables on a random sample of 50 hips taken from our patient cohort at 2 time points. An almost perfect agreement (defined as intraclass correlation coefficient [ICC] .0.8) 36 was found for both reproducibility and reliability of femoral version and cranial acetabular version (ICCs ranging from 0.81 to 0.97) ( Table 4) . A substantial agreement (defined as ICC .0.6) 36 was found for reproducibility and reliability of central acetabular version (ICCs ranging from 0.75 to 0.80).
We performed a power analysis for femoral version in a fixed-effect 1-way analysis of variance design with a level of significance of 1% and beta error of 1%, given previously reported mean values of femoral version of 21°in 27 normal hips, Measurement of femoral version according to the method described by Murphy et al. 39 The angle of femoral version is constructed by the following 3 points: (A) the femoral head center, (B) the center of the base of the femoral neck, and (C) the condylar axis. and 58°in 13 valgus hips, 52 and a published standard deviation of 17°. 52 With 12 groups, this resulted in a total number of 60 hips.
A normal distribution was present for all continuous parameters, which were confirmed with the KolmogorovSmirnov test. Continuous variables among the study groups were compared with the univariate analysis of variance. Adjustment for multiple comparisons was done with the Bonferroni correction. Continuous values for each study group were compared with the normal group according to the unpaired Student t test. Categorical variables were compared among the study groups and relative to the normal group with the chi-square test. Differences in standard deviation for femoral and central/cranial acetabular version were calculated with the F test. With Ward's method for hierarchical cluster analysis, 72 we grouped all but the Perthes hips for femoral version, LCE angle, and alpha angle independently into clusters.
RESULTS
Of 538 hips, 52% had femoral version \10°or .25°or femoral malversion. Severely decreased femoral version was found in 5%; moderately decreased femoral version, 17%; moderately increased femoral version, 18%; and severely increased femoral version .35°, 12%. Normal femoral version was found in 48% of the patients (Table 5, Figure 5 ). The overall study group had a mean femoral version of 19°6 14°(range, -16°to 84°) ( Figure 6 ). We found a significantly lower mean femoral version for the cam-type FAI group (15°, P \ .001) and a significantly higher mean femoral version for the Perthes group (32°, P \ .001), as compared with the mean femoral version of the control group (22°).
The prevalence of severely increased femoral version (.35°) was higher in the Perthes group (50%, P \ .001), the group with no obvious pathomorphology (39%, P \ .001), the valgus group (33%, P \ .001), the dysplastic group (23%, P \ .001), and the anteverted acetabulum group (18%, P \ .001) when compared with the control group (0%). The prevalence of severely decreased femoral version (\0°) did not differ between the control group (0%) and the overcoverage group (13%, P = .067), the varus group (8%, P = .462), or the Perthes group (7%, P = .755) (Table 5, Figure 5 ).
The prevalence of either severely decreased femoral version or severely increased femoral version was added to calculate the prevalence of severe femoral malversion (Table 5, Figure 5 ). By adding 5% with severely decreased femoral version and 12% with severely increased femoral version, a prevalence of 17% resulted for severe femoral (5) 2 (2) 5 (13) 2 (4) 2 (3) 0 (0) 10 (6) 7 (5) 5 (8) 2 (3) 2 (7) 1 (4) 0 (0) .288
Moderately decreased, 0°-10°9
3 (17) 13 (14) 6 (16) 3 (7) 22 (29) 2 (18) 36 (22) 25 (18) 13 (20) 7 (12) 1 (3) 2 (9) 4 (8) .016
Normal, 10°-25°2
59 (48) 33 (37) b 16 (42) 30 (65) 42 (55) 6 (55) 94 (57) 77 (56) 40 (61) 17 ( 5 (18) 21 (23) 8 (21) 8 (17) 6 (8) 1 (9) 22 (13) 22 (16) 7 (11) 13 (22) 9 (30) 5 (22) 14 (29) .027
Severely increased, .35°6
3 (12) 21 (23) b 3 (8) 3 (7) 5 (6) 2 (18) b 3 (2) 6 (4) 1 (2) 19 ( (58) 16 (35) 35 (45) 5 (45) 71 (43) 60 (44) 26 (39) 41 ( Femoral version \10°121 (22) 15 (17) 11 (29) 5 (11) 24 (31) 2 (18) 46 (28) 32 (23) 18 (27) 9 (16) 3 (10) 3 (13) 4 (8) .010 .25°158 (29) 42 (47) 11 (29) 11 (24) 11 (14) b 3 (27) 25 (15) 28 (20) 8 ( malversion. Overall, 17% (1 of 6) of the patients eligible for hip preservation surgery had a severe abnormality of femoral version.
The prevalence of severe femoral malversion varied among the subgroups (P \ .001; Table 5, Figure 5 ), ranging from 8% (cam-type FAI) to 57% (Perthes). Therefore, more than half of the patients with a post-Perthes deformity had a severe abnormality of femoral version. A prevalence of severe femoral malversion was most common in the Perthes group (57%), followed by the group with no obvious pathomorphology (43%) and valgus hips (36%), but was found in all the study groups.
The cam-type FAI group showed the lowest prevalence (8%) of severe femoral malversion, followed by pincertype FAI attributed to acetabular retroversion (9%), mixed-type FAI (9%), and varus hips (9%). Hence, almost 1 of 10 patients with either a cam-or pincer-type FAI has an additional severe abnormality of femoral version.
The lowest mean femoral version was found for the cam (15°) and varus (15°) groups (Table 5 ). The highest mean femoral version was found for the Perthes (32°), valgus (27°), and dysplasia (25°) groups. Mean femoral version for male patients only was lower (15°) than for female patients only (22°) in the overall study group and in the control group (21°vs 26°). In all subgroups except the varus group, female patients had higher mean femoral version as compared with male patients (Table 5 ). The largest difference between female and male patients for mean femoral version was found in the valgus group (29°vs 16°, respectively). We found significantly different mean Figure 5 . Prevalence of femoral malversion (\10°or .25°of femoral version) and severe femoral malversion (\0°or .35°of femoral version) among the study groups. *Indicates a significantly higher prevalence vs the control group. Overall, 51% of the symptomatic hips (22% with \10°1 29% with .25°) had femoral malversion, and 17% (5% with \0°1 12% with .35°) had severe femoral malversion. Figure 6 . The box plots of femoral version for the 11 study groups and the overall study group. Values are presented as median and 95% CI. Squares indicate interquartile range, and circles represent outliers. Dark gray indicates a significantly higher mean femoral version vs the control group (light gray). Mean femoral version was 19°for the overall study group, 15°for the cam-type FAI group, 25°for dysplastic hips, 27°for valgus hips, 30°for hips with no obvious pathomorphology, and 32°for Perthes hips.
femoral version of male patients with cam-type FAI (12°) and acetabular retroversion (13°) when compared with male patients of the control group (21°, P \ .001).
Sixty-eight percent of the hips had an abnormal combination of femoral and acetabular version, and 32% had normal femoral version and normal acetabular version (Figure 7) . The most frequent abnormal combination in the study group was increased femoral version combined with normal acetabular version (22%), followed by decreased femoral version combined with normal acetabular version (16%) and normal femoral version combined with increased acetabular version (10%) (Figure 7 ). Hence, 48% had normal femoral version between 10°and 25°, while 30% had femoral version .25°a nd 22% had \10°. Adding the 30% and 22% results in 52%, which means that more than half of the patients eligible for hip preservation surgery had abnormal femoral version. Interestingly, 70% had normal acetabular version between 10°and 25°, while 12% had acetabular version \10°(acetabular retroversion) and 18% had .25°. Only one-third (30%) of all 538 hips had abnormal acetabular version.
The range of femoral version (100°) was higher than central (39°) or cranial (62°) acetabular version. We found a broader standard deviation for femoral version (14°) versus central (7°, P \ .001) and cranial (10°, P \ .001) acetabular version (Table 5 ; Appendix Figure A1 ). This larger variation of femoral version makes a possible femoral deformity more probable when compared with the acetabulum. Therefore, we changed the clinical practice of our department to assess 69 Of all hips, only 32% had normal femoral version combined with normal acetabular version.
the femoral version of all patients eligible for hip preservation surgery.
The cluster analysis revealed 7 stereotypical patterns of combined hip morphology (Table 6 
DISCUSSION
Variations of femoral and acetabular version have been increasingly recognized as an important pathologic feature in patients undergoing hip preservation surgery. Both high and low femoral version has been found to influence the clinical outcome after arthroscopic surgery for FAI. 14, 15 The majority of the literature on femoral version predates the recent advances in our understanding of FAI and its effect on the hip. 39, 69, 70 Thus, a comprehensive and combined analysis of hip pathomorphology combined with femoral version is needed to help further our understanding of this complex 3-dimensional pathologic process. The aim of this study was to detect the prevalence of abnormalities of femoral and acetabular version in a large number of hips presenting with hip pain attributed to FAI or hip dysplasia. We found that 17% of all patients had a severe abnormal value of femoral version: this means that 1 of 6 patients with hip pain attributed to FAI or hip dysplasia presents with a severely abnormal value of femoral version. This allowed us to further classify these abnormalities into 7 stereotypical morphologies related to femoral version, LCE angle, and alpha angle (Appendix Figure A2) .
Values of femoral malversion were found in 52% of our patients ( Figure 7) . Interestingly, the mean femoral version of all symptomatic patients (19°) was in the normal range-probably because the mean value for femoral version of the study group is neutralized by subgroups with predominantly increased and decreased femoral version. Therefore, comparing the means of femoral version does not seem to be a valid method to compare femoral version in hips undergoing hip preservation surgery, as done in previous literature. 6, 10, 62 It is more appropriate to divide the groups into hips with severely or moderately decreased femoral version and those with severely or moderately increased femoral version and compare their prevalence.
All subgroups contained hips with severely increased femoral version, but not all subgroups contained hips with severely decreased femoral version ( Figure 5 ). Severely decreased femoral version was present in 13% of hips with acetabular overcoverage, but none of the hips with increased acetabular anteversion had severely decreased femoral version. Overall, severely increased femoral version (12%) was more frequently present than severely decreased femoral version (5%); added together, this resulted in a prevalence of 17% of severe femoral malversion (Table 5) .
Interestingly, we found abnormal values of femoral version in 74% of symptomatic hips where no obvious pathomorphology could be detected on conventional radiographs (Table 5 ). These hips typically included young symptomatic patients who had been referred to our department for further evaluation since they had normal coxometric values on the conventional radiographs-for example, normal LCE and alpha angles, no crossover sign, and normal femoral head coverage. However, they all had a clear labral tear on standard MRI of the hip taken at an external institution, where no objective measurement of femoral version was performed. On the basis of our MRI/CT-based measurements of femoral version, we found that 39% of these hips could even be classified as severely increased femoral version and 4% as severely decreased femoral version. We did not find any other potential cause for hip pain in these patients, such as rheumatologic diseases, avascular necrosis, posttraumatic conditions, loose joint bodies, or tumors. Without careful understanding and clinical and radiographic assessment of femoral version, this diagnosis would likely have been missed, and the patients would have never undergone a curative treatment of their condition. This emphasizes the necessity and importance of a concomitant measurement of femoral version in addition to morphologic parameters of acetabular coverage and femoral asphericity.
When analyzing the femoral and acetabular version in combination, we unexpectedly found a much larger standard deviation for femoral version than for acetabular version (Appendix Figure A1) -independent of the level from which acetabular version was measured. This is an important finding because the larger range of femoral version makes a deformity more probable as compared with the acetabulum. Because of this larger standard deviation, different combinations of deformities are possible. In addition, when femoral and acetabular version are categorized together (Figure 7) , the 2 most frequently observed abnormal combinations referred only to variations of femoral version. More than one-third of the hips presented with either increased (22%) or decreased (16%) femoral version combined with normal acetabular version. Only 32% had normal femoral version combined with normal acetabular version. Only 48% had normal femoral version, while 52% had abnormal femoral version independent of the acetabular version when the prevalences were added. Based on this high prevalence of abnormal femoral version (52%) and the prevalence of severe femoral malversion (17%), it seems likely that in the early descriptions of FAI, 18 ,37 the effect of femoral version must have been underestimated. Rotational abnormalities of the acetabulum had a lower prevalence of abnormalities when the same normal range (10°-25°) was used for both.
Therefore, we recommend analyzing both femoral and acetabular version in every patient eligible for hip preservation surgery and considering surgical correction of severely decreased femoral version or severely increased femoral version with femoral osteotomies.
We were able to produce 7 cluster groups with an association of femoral version, LCE angle, and alpha angle (Table  6 ). Hips with a cam deformity can have decreased, normal, or increased femoral version. Mild cam deformities can be associated with decreased femoral version (Appendix Figure  A2A) or increased femoral version (Appendix Figure A2B) . In case of a severe cam deformity, the femoral version is typically normal (Appendix Figure A2C) . Hips with a mixed cam-pincer morphology (ie, elevated LCE and alpha angles) generally have normal femoral version (Appendix Figure  A2D) . Hips with severe pincer morphology are usually correlated with normal femoral version (Appendix Figure  A2E ). Hips with a mildly dysplastic acetabulum have normal femoral version and a mild cam deformity (Appendix Figure A2F ). In case of severe dysplasia, severely increased femoral version is present (Appendix Figure A2G) . In a study by Tibor et al 66 and in contrast to our results, no significant correlation was found between femoral version and LCE angle or alpha angle. Two reasons could explain this difference. First, we included a higher number of hips (538 vs 112 hips). Second, we used a different statistical analysis and searched for combinations rather than correlations. Instead of using 2-dimensional correlations between 2 parameters, 66 we used a cluster analysis. 72 This analysis is able to identify clusters of cases with high similarity based on multiple parameters. However, one should be aware that despite the identification of cluster groups, individual variations still can be present.
Comparing our results with the literature (Appendix Table A1 ), we found similar measurements of femoral version in symptomatic hips, emphasizing the validity of our results. 5, 48, 59, 62, 66 These reports are characterized by different definitions for the normal values of femoral version and a large heterogeneity of measurement techniques and imaging modalities. The reported prevalence of hips with abnormal femoral version in FAI ranged from 13% 12 to 24% 27 for \5°and from 15% 27 to 34% 10 for .20°. In comparison with most of those studies, ours revealed a higher prevalence of hips with abnormal femoral version (52%). The reason for this discrepancy could be a selection bias of our tertiary referral center or different measurement methods used in other studies.
There are several limitations for this study. First, we are not able to determine the exact location of deformity, since all MRI included the proximal morphology up to the lesser trochanter and the distal femoral condyles but not the entire femoral shaft, which would be helpful to determine the location of deformity. 20 Second, we did not reference our values for acetabular version to the anterior pelvic plane, since the field of view of our particular MRI protocol did not cover the entire pelvis. Given a mean pelvic tilt of 5°i n supine position, we could generally have underestimated acetabular version. 63 However, by using the original method by Tönnis and Heinecke, 69 this allows for a direct comparison with the reported values from previous studies. Third, the age of the patients ranged from 14 to 71 years. This might be problematic because femoral version reportedly decreases to a normal range in the first 2 decades of life before closure of the growth plates. 11, 16, 22, 70, 77 To the best of our knowledge and in accordance with previous reports, 8, 41, 73 there is no evidence of substantial age-dependent changes of femoral version once skeletal maturity is reached.
11 Since all our hips from the study group had closed physes, this should not have jeopardized our results. Fourth, despite the large number of patients, our study group does not represent a cross-sectional analysis. Although collected consecutively, it rather should be considered a selective patient group from a tertiary referral center, which may contain a higher percentage of pathologic values when compared with the general population.
Our study differs from the previous reports for variable reasons. Some authors report only the mean values for femoral version instead of the prevalence of abnormal femoral version. 23, 30, 59 This can be misleading. Others do not distinguish among the distinct subgroups of impingement. 23, 30 The reports before the year 2000 typically do not involve an assessment of particular features related to FAI, such as cam-type deformities. 69 Some reports with low numbers of patients 2, 3, 42, 43 may be underpowered to reach statistical significance. In contrast, our analysis contains 11 subgroups with different pathomorphologies and a large number of symptomatic patients. On the basis of the individual number of hips of our 12 study groups (11 study and 1 control group), their mean values, a mean standard deviation of 14°, and an alpha error of .01, we calculated a post hoc power for our study of 99.9%.
CONCLUSION
In summary, severely decreased femoral version (\0°) and severely increased femoral version (.35°) are very common in patients with hip pain attributed to FAI or hip dysplasia. Furthermore, the prevalence of severely decreased and increased femoral version is particularly high in symptomatic hips where no obvious pathomorphology can be found on conventional radiographs. Overall, 17% (1 of 6) of patients had a severe femoral malversion. It is also important to note the specific abnormalities of femoral version found to be associated with the various pathomorphologies of the femoral head and acetabulum. Thus, based on our results, the evaluation of young active patients with hip pain should always include an assessment of femoral and acetabular version on MRI or CT, in addition to standard measurements of acetabular coverage and femoral asphericity, to guide decision making and optimize patient outcomes.
